A synthetic method of cobalt wires with platelike structure similar to Chinese caterpillar fungus ͑cordyceps sinensis͒ has been developed in aqueous media. Cobalt nanoparticles as seeds were prepared by reducing cobalt chloride with NaBH 4 under inert atmosphere which act as nucleation sites. We added an even weaker reducing agent, hydrazine, to the growth solution, and the solution was kept undisturbed at 80°C for 90 min to obtain our product. A mechanism that involved in the formation of cobalt wires has also been proposed. The discovered cobalt wires may be applied to the fabrication of nanocircuitry or ultrahigh-density storage media.
I. INTRODUCTION
In recent years there has been great interest in ferromagnetic metallic ͑Fe, Co, Ni͒nanoparticles owing to their potential applications in electronic industry.
1,2 Magnetic nanomaterials are also of tremendous technological significance due to the convenient use for tracking the reaction and removal of particles by applying magnetic field. 3 Furthermore, porous materials are also an important class of materials as they possess varied applications including catalysis, 4 sensing, 5 etc. Yin et al. 6 synthesized platinumcobalt oxide yolk-shell hollow nanostructures which serve as nanoscale reactors in catalytic applications. 6 We have the idea of synthesizing a reactor which has both multiporous property and magnetic property to act as potential containers or catalyst support material. Similar kind of approaches have been published by incorporating cobalt or iron oxide in the pore system of porous silica. 7, 8 However, this often causes clogging of the pore system, which leads to mass transfer problems and restrict further functionalization of the silica inner surface. Here we report a method for fabricating magnetic porous material by replacing the silica framework with Co framework to reduce the clogging problem. We have chosen cobalt as basic framework material because of its hexagonal structure which facilitates onedimensional growth. But in the case of Fe and Ni as they have cubic structure that will lead to anisotropy more easily. This inherent isotropy makes Co as an ideal candidate for generating one-dimensional structure without the need for templates or surfactants to induce and direct isotropic growth. Here we report a simple strategy to make onedimensional cobalt wires with interior hierarchical porous architecture.
II. EXPERIMENT
The synthesis of nanostructured cobalt wires with Chinese caterpillar fungus structure has been developed by wet chemistry method. In the first step, cobalt nanoparticles as seeds were synthesized by adding sodium borohydride ͑8 mM, 1 mL͒ into a mixture of cobalt chloride ͑0.445 mM, 9 mL͒ and sodium citrate ͑0.194 g͒ under inert atmosphere. These cobalt nanoparticles play an important role as nucleation sites and were added into another cobalt chloride solution ͑4 mM, 100 mL͒ which acts as a growth solution. The growth solution was heated to 80°C, and 1 mL of 1M solution of weaker reducing agent hydrazine ͑as compared to sodium borohydride͒ has been added. reaction did not complete until the complex disappeared. The resulted black powders were separated by a magnet, then washed with distilled water and acetone. The samples obtained were characterized by x-ray diffraction ͓beam line 17A of the National Synchrotron Radiation Research Center ͑NSRRC͒ in Taiwan with a limited angular region ͑ = 1.333 25 Å͔͒, 9 scanning electron microscopy ͑FESEM-JSM6700F͒ and transmission electron microscopy ͑TEM, JEOL100͒. Magnetic hysteresis loop was measured on a vibrating sample magnetometer ͑VSM, MODEL EV9͒. Figure 1 shows the x-ray diffraction pattern of the cobalt wires. The cobalt wires were of hexagonal structure ͑stan-dard cards JCPDS 5-0727, space group P6 3 / mmc͒ with a unit cell a = 2.503 Å and c = 4.060 Å. Furthermore, the broadening of the ͑101͒ peak indicates the smaller crystallites according to the Scherrer equation. 10 It is also obvious that the intensities of these diffraction peaks are not consistent with those in JCPDS card. In our results we got stronger ͑002͒ peak almost equivalent to the original strongest ͑101͒ peak. This might result from the preferred orientation of cobalt wires. This phenomenon agreed with the recent result reported in which the samples were prepared under an external magnetic field.
III. RESULTS AND DISCUSSION
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The SEM image of cobalt wires with an average length of about 90 m and an average width of about 2 m which is of uniform one directional growth is shown in Fig. 2 . The inset shows the Chinese caterpillar fungus ͑cordyceps sinensis͒ which is comparable to our cobalt wires. The cobalt wires were composed of many microsized spherical cobalt particles. We also found amazingly that the wires were established by interior hierarchical porous architecture. SEM images of the reaction were recorded at different time intervals during reaction in order to discuss the underlying mechanism of nanocrystal shape control between zerodimensional and one-dimensional magnetic particles. The SEM image in Fig. 3 was grabbed, a minute latter, after the cobalt complex gradually disappeared which looks like simple planes aligned to form porous structure. After 30 minutes, the cobalt wire aligned as chains composed of spherical porous structure partially filled with nanoparticles. It is obvious that the stereo and porous cobalt network structures were firstly formed instead of many finer solidity spherical nanoparticles as reported in literature. 12 The building blocks of interior hierarchical porous architecture were plate-shaped cobalt particles as shown in Figs. 3 and 4 . It is well known that the growth mechanism involving only incorporation of building blocks onto nuclei will get even regular crystallites with fewer defects. 13 However, our cobalt wires formed through an aggregation mechanism which induces larger internal grain boundaries and vacancies. It is expected that aggregation mechanism will favor a lower density, higher irregularities in their lattices. In our synthesis, particularly, due to ferromagnetic nature of cobalt the magnetic force helps to improve the regularity of crystalline phase in addition to Van der Waals force as in other metals. Figure 5 shows the selected area electron diffraction pattern by TEM of cross section of Co wires. It shows the single crystalline pattern and the stronger signal of Kikuchi line indicating many defects to make inelastic and elastic collisions with electron. The inset images of two enlarged diffraction points exhibit the shape of disk, and the rings correspond to the platelike structures of the sample. The tail phenomenon of diffraction pattern might be due to the slight deviation of plated-building blocks, as shown in Fig. 6. 14 The decomposed of Co͑N 2 H 4 ͒ m 2+ complex formed not only the hierarchical porous architecture but also nanoparticles which started to surround the porous structure. However, the porous structure did not filled up because of the constant release of nitrogen gas during reduction 15 and the high potential of surface attracted particles as shown in Fig. 4 . Then, porous structures covered by nanoparticles form spherical shapes which align one after another in rows with sizes ranging from several hundred nanometers to micrometers after 90 min ͑Fig. 7͒. In this case, the thermodynamic limit induces the system to yield spherically shaped particles despite of the interior porous structure which are kinetically controlled. Based on the above facts we are able to synthesize our cobalt wires with nanostructure similar to Chinese caterpillar fungus. Figure 8 demonstrates the room temperature hysteresis loop of the cobalt wires, and the saturation magnetization value for the samples was 149 emu g −1 with the coercivity ca. 135.5 Oe.
IV. CONCLUSION
In this article, we demonstrated a wet chemistry method to synthesize magnetic porous cobalt wires with platelike nanostructure in aqueous media which is different from the reported methods. Our synthetic route uses simple equipments and does not have any templates. A mechanism involved in the formation of cobalt wires from cobalt nanoplates has also been proposed. In this method, we found that the ferromagnetic property may effect the stacking orientation in the growth process. This method may provide a general route for the preparation of other porous and magnetic structures for catalytic application such as catalyst of p-nitrobenzene hydrogenation and the great benefit to easy separation by magnet. 
